• In the hospital environment, MRSA isolates can quickly acquire new antimicrobial resistance determinants. • These results are significant for the empirical use of antibiotics and effective treatment of infections caused by MDR MRSA.
used to determine spa gene polymorphism in X-region. Results: A large number of MRSA isolates showed resistance to levofloxacin (83.9%), ciprofloxacin (83%), erythromycin (77.7%) and clindamycin (72.3%). A lower number of MRSA isolates showed resistance to tetracycline (10.7%), amikacin (14.2%), gentamicin and trimethoprim with sulfamethoxazole (8.0%). None of the MRSA isolates were resistant to linezolid and teicoplanin. Among MRSA isolates, 92.9% were multidrug-resistant (MDR). Resistance to erythromycin, clindamycin, ciprofloxacin and levofloxacin was the most common resistance pattern among MDR MRSA isolates. The highest number of isolates was resistant to 4 groups of antimicrobials (53.8%). The number of drugs to which MRSA isolates were resistant in 2017 was significantly higher than that in 2016 (p = 0.002). The size polymorphism analysis of X fragment of the spa gene revealed high genetic diversity of the Introduction Staphylococcus aureus is the most common cause of nosocomial infections and is one of the most common causes of bacteremia and is a bacterial pathogen that rapidly acquires antibiotic resistance [1] . Microbial infections with antimicrobial resistant strains increased the risk of mortality and increased costs related to treatment compared to infections caused by susceptible strains [2] . Antimicrobial resistance in methicillin-resistant strains of S. aureus (MRSA) is associated with the acquisition of a mobile genetic element called the staphylococcal cassette chromosome mec, which carries the mecA gene, encoding the low-affinity penicillin-binding protein 2a and confers resistance to the β-lactam antibiotics [3] . A new mec variant, named mecC, which shows only 70% nucleotide sequence homology with the classical mecA gene was described in 2011 and from this time, MRSA strains containing mecC have been sporadically isolated from both humans and animals. Resistance to cefoxitin was reported as correctly identifying mecC-positive MRSA [4] . MRSA, besides resistance to β-lactam antibiotics, are frequently resistant to other antimicrobial agents such as macrolides, tetracycline, aminoglycosides, chloramphenicol and fluoroquinolones may rapidly spread in hospital environment through infected or colonized patients, or colonized personnel [5] . MRSA are widespread in various countries both in hospital environments and occur in community, and livestock MRSA is endemic in hospitals worldwide [6, 7] . Infections caused by multidrug-resistant (MDR) strains lead to prolonged hospital stay, increased mortality and have been routinely detected in hospitalized patients including those in high-income countries. These infections are estimated to affect > 150,000 patients annually in the European Union [8] . MDR may infect different parts of the body including wounds, respiratory tract, soft tissue, skin and bloodstream particularly in immunocompromised, elderly or young patients [9] . The rise of drug-resistant MRSA is a serious problem in the treatment and control of staphylococcal infections. The aim of this study was to deter-mine antimicrobial resistance profiles of MRSA isolates from different clinical materials from patients hospitalized during 2015-2017 in hospitals of Masovian district in Poland.
Materials and Methods

MRSA Isolates
A total of 112 MRSA isolates from clinical materials from swabs from wounds (22) , anus (14) and samples of blood (11) , bronchoalveolar washings (26) , respiratory tract (19) , urine (4), pus (3), sputum (3) and from other samples (swabs from nose, throat, tracheotomy tube, endotracheal tube and catheter; 10) were studied. The MRSA isolates were obtained from hospitals in Siedlce and Warsaw (Poland) in 2015-2017. The MRSA isolates were collected in these hospitals as part of routine diagnostic microbiology and came from different patients. The numbers of MRSA isolates obtained in 2015, 2016 and 2017 were 18, 23 and 71, respectively. Identification of isolates as S. aureus was confirmed by Gram's staining, positive test for catalase activity and tube test for coagulase. The PCR analysis to amplify the part of the nuc gene, encoding thermostable nuclease specific for S. aureus was used to confirm that the isolates belong to the S. aureus species [10] .
Antibiotic Susceptibility Testing
All staphylococcal isolates were examined for methicillin resistance by disc diffusion assay. Resistance to methicillin was confirmed by PCR to detect the mecA gene [11] . The susceptibility of the isolates was tested with a disc diffusion method [12] using the following antibiotic discs (Oxoid, Basingstoke, UK): penicillin (10 U), teicoplanin (30 µg), gentamicin (10 µg), amikacin (30 µg), erythromycin (15 µg), tetracycline (30 µg), ciprofloxacin (5 µg), levofloxacin (5 µg), clindamycin (2 µg), trimethoprim/sulfamethoxazole (1.25/23.75 µg) and linezolid (30 µg). S. aureus ATCC 29213 and S. aureus ATCC 25923 were used as control strains.
Isolation of DNA
Genomic DNA was isolated from bacterial cells by using the NucleoSpin Microbial DNA (Macherey-Nagel GmbH & Co. KG, Düren, Germany) according to the manufacturer's protocol. 2.5 µL of the total extracted material from each test sample was used as a template DNA for PCR application.
Primers and PCR Conditions
The primers specific for the nuc, mecA, blaZ [13] , and spa [14] synthesized by DNA-Gdańsk (Gdańsk, Poland) are listed in Table  1 . The monoplex PCR for each gene was performed in a 25 µL volume containing 2.5 µL of DNA template, 1× PCR buffer, 0.2 mM each dATP, dCTP, dGTP and dTTP (Fermentas, Vilnius, Lithuania), the specific primers at 150 nM, and 1 U of RedTag Genomic DNA polymerase (Sigma Aldrich, Steinheim, Germany). The amplifications of fragments specific for the nuc, blaZ and mecA genes were carried out in the following conditions: initial denaturation (94 ° C, 4 min), followed by 35 subsequent cycles consisting of denaturation (94 ° C, 30 s), primer annealing (55 ° C, 30 s), extension (72 ° C, 30 s), and final extension (72 ° C, 5 min). The highly polymorphic region X of the spa gene was amplified by PCR according to Szweda et al. [15] . Amplifications were carried out in the Eppendorf Mastercycler nexus gradient (Hamburg, Germany). The PCR products were analysed by electrophoresis in 1.5% agarose gels stained with ethidium bromide. Molecular size markers (Sigma-Aldrich) were also run for verification of product size. The gel was electrophoresed in 2× Tris-borate buffer at 70 V for 1.5 h. The PCR amplicons were visualized using UV light (Syngen Imagine, Syngen Biotech, Wrocław, Poland).
Statistical Analysis
One-factorial analysis of variance (ANOVA) was applied to evaluate the relationship of the level of MDR with the clinical specimens from which MRSA isolates were obtained. One-factorial ANOVA and post hoc Tukey's test were used to evaluate significance of differences between the number of drugs to which MRSA isolates were resistant in 2015, 2016 and 2017.
Results
The PCR product specific for the nuc gene, encoding thermostable nuclease in S. aureus was detected in all isolates ( Fig. 1a ). The isolates were resistant to penicillin and the blaZ gene encoding β-lactamase was present in these isolates ( Fig. 1b ). All isolates were resistant to cefoxitin, and mecA gene was detected in all isolates ( Fig. 1c) . A large number of MRSA isolates showed resistance to fluoroquinolones: ciprofloxacin -83% and levofloxacin -83.9%, macrolides (erythromycin -77.7%) and lincosamides (clindamycin -72.3%. The percentage of MRSA isolates resistant to levofloxacin, ciprofloxacin, clindamycin and erythromycin varied in the years 2015-2017, but the highest percentage of isolates resistant to these antibiotics was found in 2017 ( Table 2) . A lower number of MRSA isolates showed resistance to tetracycline (10.7%), amikacin (14.2%), gentamicin (8.0%) and trimethoprim with sulfamethoxazole (8.0%). None of the MRSA isolates was resistant to linezolid and teicoplanin ( Table 2) . The MRSA isolates were tested against 9 groups of antimicrobials, and resistance to at least 3 groups indicated that the isolates were MDR. Out of 112 MRSA isolates, 104 (92.9%) were MDR. Besides resistance to β-lactam antibiotics, resistance to erythromycin, clindamycin, ciprofloxacin and levofloxacin was the most common resistance pattern among MDR MRSA isolates (Table 3 ).
In all, 53.8% of the MDR MRSA isolates were resistant to 4 groups of antimicrobials, and 25% showed resistance to 3 groups of antimicrobials. Most of the isolates resistant to 3 groups of antimicrobials were resistant to β-lactams, macrolides and lincosamides or fluoroquinolones. The resistance to 5 groups of antimicrobials was observed in 14.4% of MDR MRSA isolates from bronchoalveolar washings (6), sputum (2), wound (2), blood (1), respiratory tract (1), anus (1) and from other samples (2) . The resistance to β-lactams, macrolides, lincosamides, fluoroquinolones and aminoglycosides or tetracycline was the most common among them. Six MDR MRSA isolates (5.8%) resistant to 6 group of antimicrobials were isolated from respiratory tract (1), bronchoalveolar washing (2), wound (2) and anus (1). One isolate from urine was resistant to seven groups of antimicrobials (Table 3) . One-factorial ANOVA showed that the level of MDR was not significantly associated with the clinical specimens from which MRSA isolates were obtained (p = 0.251). The mean number of drugs to which MRSA isolates were resistant in 2015, 2016 and 2017 was 4.4 ± 1.2, 3.9 ± 1.5 and 5.0 ± 1.3 respectively. Statistical analysis using Tukey's test showed that the level of multi-drug resistance in 2015 and 2016 did not significantly differ, but the isolates from 2017 were resistant to significantly more antimicrobials compared to those obtained in 2016 (p = 0.002; Fig. 2 ). The genotypic diversity of the investigated MRSA isolates was revealed by the size polymorphism analysis of X fragment of the spa gene coding protein A. Amplification of the X-region of spa yielded a single amplicon for each isolate. Eleven differently sized amplicons of approximately 148-388 bp were detected. The number of repeats of the 24 nucleotide sequence in X-region in test-ed isolates was between 4 and 14. The MRSA isolates with 8, 9, 10 and 11 repeats in the amplified region were detected most frequently (22.3, 10.7, 13.4 and 28.6%; Table  4 ).
Discussion
S. aureus is recognized as one of the most frequent causative agents of hospital-associated and device-associated infections [16] . The hospital environment and the endogenous microflora of patients and health care workers may play important roles as the source, reservoirs and vectors for the spread of antibiotic-resistant bacteria. Research on the dynamics of resistance development, identification of high-risk strains and molecular basis of resistance are very important and required. The association of S. aureus with antimicrobial resistance profiles can provide useful information for the clinical treatment of infection caused by this microorganism. MRSA have emerged as a significant threat in both the hospital and community environment. Limited treatment options of infections caused by MRSA result in higher mortality and increased financial costs. Among MDR bacteria, MRSA is a major cause of healthcare-associated infections in the EU. In 2008, MRSA caused in the UE 44% of healthcare-associated infections, 22% of attributable extra deaths and 41% of extra days of hospitalization associated with these infections [17] . In the United States, MRSA causes between 11,000 and 18,000 deaths annually and 80,000 invasive infections [18] . In the current study, we investigated drug resistance of MRSA isolates from different clinical materials from hospitalized patients in Masovian district in Poland. We have undertaken studies evaluating the resistance of MRSA isolates because they represent a high percentage among of S. aureus isolates from clinical materials in many countries. MRSA accounts for about 60% of clinical S. aureus isolates from intensive care units in the (9), blood (7) , urine (1), anus (7), bronchoalveolar washings (13), wound (7) United States [19] and the same percentage of hospital S. aureus strains in China and Nepal [20, 21] . The proportion of MRSA among all S. aureus isolates reached 35.8% in Italy [22] , above 40% in Philippines [23] and 68.4% in Ethiopia [7] . This is of concern because MRSA limit the choice of antibiotics for treating infections caused by them. The previous study conducted in Poland by Łuczak-Kadłubowska et al. [24] who investigated S. aureus isolates from 39 hospitals showed that the proportion of MRSA isolates depended on the hospital and ranged from 3.7 to 63.1% (average 22.7%). In our study, we investigated the susceptibility of MRSA isolates to 9 groups of antimicrobials, and a very high percentage (92.9%) of isolates was MDR. According to Campanile et al. [22] , all MRSA isolates from nosocomial infections isolated in 2012 in Italy were MDR organisms. A high percentage of S. aureus strains (82.3%) from hospitalized patients in Ethiopia were resistant to 3 or more antimicrobials [7] . A high percentage of our MDR isolates were resistant to 4 groups of antimicrobials (53.8%). Some isolates were resistant to 3, 5 or 6 groups of antibiotics, and one isolate was resistant to 7 groups of antibiotics. These results indicate that the possibilities of treating infections caused by MDR MRSA using available antibiotics are very limited. The level of resistance to fluoroquinolones, clindamycin and erythromycin of our MRSA isolates was similar to the resistance level of MRSA isolates in Italy, while percentages of isolates resistant to gentamicin and tetracycline in Italy [22] was slightly higher than in our research. Our study revealed that the percentage of strains resistant to amikacin, gentamicin, tetracycline and trimethoprim/sulfamethoxazole was lower compared to other results [7, 25] . Our study also showed that the level of MDR among of MRSA isolates in Poland increased as the number of drugs to which isolates were resistant in 2017 was significantly higher than in 2016, and also higher (although insignificantly) compared to 2015. The development of resistance to many antibiotics by S. aureus is associated with acquisition of determinants by horizontal gene transfer of mobile genetic ele- ments and can also emerge by mutations that alter the drug-binding sites on molecular targets and by the expression of endogenous efflux pumps [26] .
Our study revealed substantial genetic diversity of the analyzed group of MRSA isolates, which rather excludes their origin from the same initial strain and indicates that these isolates have emerged from outside the hospitals. Grundmann et al. [27] showed that spa types MRSA in Europe form distinctive geographical clusters and genetic diversity of MRSA differed considerably among the countries. The number of spa types of MRSA isolates in 26 European countries was 155. The highest number of spa types among MRSA isolates was showed in France (27) , Ireland (26) and Belgium (25) . In our research, we found 11 spa types, which were similar to number of spa types in Bulgaria (11) , Croatia (13), Italy (15) and Portugal (13) [27] . We found that 83% of MRSA isolates had > 7 repeats in X-region of spa gene. S. aureus with repeats more than 7 in the X-region are more transmissible and these isolates are involved in epidemic outbreaks, while the presence of 7 or less repeats is indicative of a nonepidemic phenotype [28] . The allele with 11 repeats was the most common (28.6%). Similar results was obtained by Montesinos et al. [29] who investigated MRSA isolates from hospitalized patients and outpatients in Spain. In the present study, isolates with 8, 9 and 10 repeats in the amplified region of spa gene were also frequently detected. Similar results were obtained by other authors [15, 30] who investigated S. aureus isolated from bovine mastitis in Poland, which may indicate that these spa types are widespread in Poland.
Conclusion
About 93% of MRSA isolates from different clinical materials from hospitalized patients in Masovian district in Poland were MDR organisms. A high percentage of MRSA isolates showed resistance to fluoroquinolones, macrolides and lincosamides, while a fewer of them showed resistance to tetracycline, aminoglycosides and trimethoprim with sulfamethoxazole. Resistance to erythromycin, clindamycin, ciprofloxacin and levofloxacin was the most common resistance pattern among MDR MRSA isolates. No MRSA isolates were resistant to linezolid and teicoplanin. It is important to note that these data shows that the isolates from 2017 were resistant to a significantly higher number of antimicrobials compared to those obtained in 2016, which indicates rapid acquisition of new antimicrobial resistance determinants by MRSA isolates in the hospital environment.
